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Introduction 
§ Planetary defense is an important contemporary problem 
- 16106 known NEOs, and counting 
- 1797 known PHOs, and counting 
- ~Several dozens of NEOs >1000 m in size not yet found 
- >10000 NEOS between 100 m and 1000 m not yet found 
- ~Several millions of NEOs between 10 m and 100 m in size not yet found 
- Chelyabinsk impact February 15, 2013: ~20 m asteroid, 0.5 MT explosion, ~1600 injuries 
§ The 2017 PDC hypothetical asteroid impact scenario provides a valuable opportunity for 
studying possible responses to a realistic scenario 
§ Herein we consider a range of space-based responses including: 
- Reconnaissance of the 2017 PDC asteroid prior to a mitigation attempt 
- Mitigation via deflection or disruption 
- Monitoring of the asteroid during and/or after the mitigation attempt 
§ We consider two of the most mature concepts for asteroid deflection (Kinetic Impactor (KI) and 
Nuclear Explosive Device (NED) 
- We also consider the use of a NED to disrupt the asteroid in cases where deflection is 
impractical 
2 
NAVIGATION & MISSION DESIGN BRANCH, CODE 595 
NASA GSFC 
Study Concept 
§ Trade-off from different mission options 
§ Mission types 
- Survey, Deflection/Disruption 
- Order of operations 
§ Deflection methods 
- Kinetic impactor 
- Nuclear explosive device 
§ Launchers 
§ Trajectory options 
- Ballistic 
- Deep space maneuver 
- Low-thrust 
Launcher 
Deflection type 
Propulsion 
system 
Number of S/C 
Encounter 
type 
Rendezvous 
Flyby 
EGA 
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Maximum Deflection Time Estimation 
§ Keplerian 2-body dynamics 
for peak deflection times 
- Completes quickly 
§ Uses linear correctors 
§ Imparted asteroid velocities 
- In direction of heliocentric 
velocity 
- Opposite direction 
§ Peak time used for initial 
guess for trajectory design 
1st 
peak 
2nd 
peak 
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Mission Scenarios/Analysis (Constraints) 
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Mission Scenarios/Analysis (Asteroid Cases) 
6 
NAVIGATION & MISSION DESIGN BRANCH, CODE 595 
NASA GSFC 
Mission Scenarios/Analysis (Ballistic Kinetic Impactor) 
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Mission Scenarios/Analysis (Ballistic Kinetic Impactor) 
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Mission Scenarios/Analysis (Ballistic NED) 
§ Any KI mission solution can be used for NED 
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Mission Scenarios/Analysis (DSM) 
Single S/C 
- Survey + 
Deflection 
Double S/C 
- Survey 
- Deflection 
Two flybys 
No 
Rendezvous 
Solution 
Survey 
Deflection 2nd peak 
2nd 
peak 
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Mission Scenarios/Analysis (Low-Thrust) 
Single S/C 
- Survey + 
Deflection 
Double S/C 
- Survey 
- Deflection 
Two 
flybys 
Rendezvous 
Survey 
Deflection 
Before 
2nd peak 
1st 
peak 
After 2nd 
peak 
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Disruption Low-thrust (Rendezvous) 
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Conclusion 
§ Developed planetary defense mission concepts for 2017 PDC 
hypothetical asteroid impact scenario 
§ Trade study of different mission concepts 
- Deflection and disruption strategies 
§ Identified peak deflection times using a fast and robust algorithm 
§ Successfully obtained desirable mission trajectories for 
maximum deflection or observation missions 
- Ballistic scenarios 
- DSM 
- Low-thrust 
§ Small asteroids cannot withstand KI or NED deflection 
- Disruption is the only practical solution 
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